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Solidification is one of the most important processing routes of many materials, 
especially of metals and alloys and microstructure control forms the strategic link 
between the materials processing and materials properties. The research work embodied 
in this thesis is directed towards the study of the nucleation and growth kinetics of 
ordered compounds present in the Fe-rich Fe-Ge system during solidification fiom the 
melt. Fe-rich part of Fe-Ge phase diagram shows several ordered compounds and critical 
points and some of the phases are ordered up to the melting point. Studies on the 
microstmctural evolution of these highly concentrated alloys are scarce and not well 
understood. The microstructural evolution in alloys is a complex interplay among 
nucleation and growth kinetics of different phases and morphologies. In case of ordered 
compounds, the short range ordering of atoms into different sublattices at the solid - 
liquid interface leads to added complexities. The main focus of our work lies in 
understanding the process of phase selection and thereby controlling the microstructure 
of Fe-Ge alloys during the process of rapid solidification 
This thesis is subdivided into ten chapters. After a brief introduction in the first chapter, 
a brief overview of thermodynamics and kinetics of rapid solidification of ordered 
compounds is presented with emphasis on the current work in the second chapter. The 
mechanisms of evolution of different growth morphologies, such as dendrite and eutectic 
are elaborated giving the relevant theoretical background. The relevant issues pertaining 
to the thesis are highlighted. 
In the third chapter of the thesis different experimental techniques, processing 
parameters and characterization tools are discussed. Special emphasis is given to the 
measurement of growth rate of the solid-liquid interface during electro-magnetic 
levitation (EML) and laser resolidification experiments. 
In the fourth chapter, the detailed studies on the undercooling of Fe -18at%Ge alloy 
using electro magnetic levitation technique (EML) are presented. The analysis of 
microstructures as well as the measured growith velocities as a function of undercoolings 
suggests growth competition between the ordered a2 (having a B2 structure) and 
disordered a (having a bcc). At low undercoolings (AT <120K), as phase has a growth 
advantage whereas at large levels of undercooling (AT >120K): a phase grows. The 
measured growth rates are consistent with the current growth theories when the ordered 
state of the growing solid is taken into account. The optical metallography of different 
undercooled samples indicates transition from coarse columnar to fine equiaxed grain 
structure suggesting grain refinement in highly undercooled sample (AT >120K). There 
are two possible mechanisms responsible for grain refinement in the present case - 
dendrite fragmentation and recovery and recrystallization during post recalescence 
period. Electron Back Scattered Diffraction (EBSD) investigation clearly suggests that 
the latter mechanism plays a major role in grain refinement. 
The fifth chapter contains the experimental as well as numerical studies on undercooled 
Fe -25 at% Ge alloy using the EML technique. The phase selection by nucleation and 
growth is found to be quite complex in this case. This is a peritectic alloy composition in 
which primary phase a2 and liquid react to produce the peritectic phase, E. Peritectic 
reactions, being diffusion controlled generally do not go to completion. However, at large 
undercoolings, the peritectic reactions get bypassed and the peritectic phase can form 
directly from the liquid. The basic focus of this chapter is to analyze the reaction 
pathways of the peritectic reaction as a function of undercooling. The microstructural 
analysis and in-situ solidification studies using synchrotron radiation clearly 
demonstrates that a2 phase has the nucleation advantage and the formation of E phase at 
low undercooling is always through the peritectic reaction. The growth of a, phase in 
this composition is very sluggish as compared to the a, phase at lower Ge concentration 
However, at high undercooling, the a2 phase grows with a large extension of solid 
solubility and in such a case a, can transform to E in solid state. 
The sixth and seventh chapters deal with the experimental investigations on Fe -1 8at% 
Ge and Fe -25 at%Ge alloys by the process of laser surface resolidification. The phase 
selection and morphological evolution during the resolidification experiments is designed 
to understand growth processes at high interface velocities as the melt pool remains in 
contact with its oum solid. The basic aim of this study is to look into the competitive 
growth behaviour of different phases and morphologies as a function of growth rate in a 
very high temperature gradient. The microstructural evolution during laser surface 
remelting of Fe -18% Ge alloys is presented in chapter 6. This experimental study 
illustrates the growth of dendrite across the height of the remelted pool with a layer of 
heat affected zone adjacent to the bottom of the remelted pool. Careful elemental 
mapping using Electron Probe Micro-analyzer (EPMA) reveals the nature of the heat 
affected zone. The primary spacing of the dendrites follows the Hunt and Lu model for 
growth of array of dendrite into the melt pool. The microstructural evolution has been 
modelled using the maximum interface temperature criterion for constrained growth 
according to which the phase or morphology growing with the highest interface 
temperature is the preferred one. The modelling indicates a-dendrite will have the 
growth preference over the other phases and morphologies. 
The experimental investigation on the laser surface resolidification of Fe -25at%Ge 
alloy is presented in chapter 7. The phase selection and morphological transition in this 
case is complex. The velocity of the solid-liquid interface dictates the phase and 
morphologies. At lower laser scanning rate (0.05 ms-l), the metastable eutectic between 
a2 -p forms bypassing the peritectic reaction. At intermediate velocities (0.1 17 msW1), 
growth of the solidification front starts with a2 -P eutectic and at a critical velocity of 
0.042ms-', the eutectic interface becomes unstable leading to growth of Q dendrites with 
remaining liquid solidi@ing as a2 -P eutectic. The microstructural evolution for sample 
laser resolidified at the highest scanning rate (0.167 ms") also begins with the growth of 
metastable a2 -P eutectic. However, the eutectic growth gives way to the growth of a 
dendrites at higher solid-liquid interface velocity. The microstructural evolution in such a 
situation has been modelled using the principle that the phase or morphology that can 
grow at the highest interface temperature will be the preferred one. The formation of the 
metastable eutectic microstructure has been explained by using the calculated coupled 
zone between a2 and p phase. A new finding in this thesis is the formation doublon and 
seaweed morphologies in the remelted pool. These morphologies are characterized by 
splitting of dendrite tips and, therefore, indicate the instability of the dendrite tip in the 
growth environment. These kinds of morphologies are observed when the anisotropy 
parameter of surface tension or attachment kinetic co-efficient is vanishingly small. In the 
present case, experimental evidences suggest that diminishing kinetic co-efficient of 
anisotropy along the growth direction is responsible for the instability. 
Chapter eight deals with the phase selection in very small sized (70 -800 nm) droplets 
as well as the vapour quenched thin film formed during the process of laser ablation of 
the Fe -1 8 at% Ge and Fe -25 at% Ge alloys. The phase selection in the droplets depends 
on the size as well the composition. In the case of Fe -25 at % Ge target, the hierarchy of 
phase formation as a function of size has been found to be amorphous to bcc (a) to B2 
(al)  to DO3 (al). Intermediate sized droplets show occasional formation of E phase. In 
the case of Fe -18at% Ge alloy target, the droplets contain bcc (a) phase irrespective of 
the size because of depletion of Ge content from 18 at% to as low as 10 at% Ge. The 
microstructure of the vapour quenched films in both compositions show amorphous 
nature containing fine scale clusters (3-4 nm). Upon heating the film inside the 
transmission electron microscope column, these nano-clusters grow and form the bcc (a) 
phase, which orders to B2 (a2) and DO3 (al) at a later stage. 
Chapter 9 contains the concluding remarks with a summary of the results. The scope of 
future work is detailed in chapter 10. 
